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1 . Prior art 

D1 : DE 37 26 21 7 A (VAILLANT JOH GMBH & CO) 25 February 1 988 (1 988-02-25) 
D2: US-B1 -6 250 365 (GALLO SERGIO ET AL) 26 June 2001 (2001 -06-26) 
D3: DE 41 20 357 A (TEVES GMBH ALFRED) 24 December 1 992 (1 992-1 2-24) 
D4: PATENT ABSTRACTS OF JAPAN vol. 2000, no. 1 1 , 3 January 2001 (2001 -01 - 
03) & JP 2000 218356 A 

2. Disclosure of the prior art 

D1 discloses preheating of pressure die casting moulds by using induction heating to 
heat mould to just below working temp by induction heating with an induction coil 
surrounding the mould, of abstract. Fig. 1 . 

D2 disclose a die casting apparatus comprises a die with upper (30) and lower (32) 
sections, means for maintaining a temperature differential between the die sections, 
and a means for introducing a molten or semimolten metal under pressure into the 
mold cavity (26) via the riser and the gate. The sections (30, 32) are separated by a 
layer of insulating material and define a cavity spanning the layer wherein the lower 
portion (32) of the mold further comprises induction heaters (34). 

D3 and D4 discloses a method of pre-heatlng.of a die casting mould by inserting an 
induction coil in the opened mould . 

3. Novelty and Inventive step 

None of the cited documents discloses a method or apparatus for deliberately 
creating a temperature profile within the mould cavity. In particular, induction heating 
of the mould in combination with a one-shot induction melting apparatus is not known 
in the prior art. In the prior art there is not found any hint towards said combination 
which plausibly leads to improved flexibility of the die casting. Accordingly, an 
inventive step Is acknowledged. 
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CASTING OF METAL ARTEFACTS 



5 

THIS INVENTION relates to the casting of a metal artefect. More particularly, the 
invention relates to a process for casting a metal artefact, to a-casting assembly for 
casting metal artefacts, and to a casting apparatus or installation for casting a metal 
artefact, all being particularly suitable for casting light metal artefacts. As used 
10 herein, the term light metal encompasses both light metals as such, and alloys 
thereof In which one or more light metals fomn the major proportion of over-SOyo by 
mass. light metals being those having a density of less than 2.7g/cm^. Light metals 
usually have low melting points of 660"C or less. 

15 According to a first aspect of the invention, there is provided a process 

for casting a metal artefact by charging a die or mould with molten metel and causing 
or allowing the metal to solidify in the die or mould to form the artefact, the process 
including the step, prior to charging the die or mould with the molten metal, of heating 
the die or mould by induction heating to an elevated temperature, the charging taking 

20 place with the die or mould at the elevated temperature. 

the induction heating being employed to provide the surface of the interior of 
the die or mould mM\ a desired temperature profile whereby the interior supFace of the 
die or mould has different parts or zones at different temperatures from each other or 
one another, in contact with the molten metal charged into the die or mould, thereby 
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' to.' ii!rom9te desired cooling and solidification rates in difEerent parts of the metal 
V'fi^'arged Into the die or mould; and 

.•■••the' charging of the die or mould being from a melting apparatus having a 
• •) bapadty to produce a full charge of molten metal which is matched in volume with the 
5 capacity or volume of the die or mould, the charging of the die or mould being with 
sufficient molten metal to produce a single artetect and the charging acting entirely to 
conswne a full molten charge produced by the melting apparatus, the heating 
arrangement of the melting apparatus being an induction heating arrangement 
comprising at least one induction coil. 

The process may include the step of purging the die or mould, prior to 
the heating, so that casting of the artefact takes place urvier a desiised atmosphere. 
Instead or In addition, the purging may be earned out during the heating of the die or 
mould. Thus, in other words, the process may include the step, prior to the charging 

15 of the die or mould, of purging the die or mould with a purging gas. the -charging 
talking place under an atmosphere provided by the purging gas. Pceferably, the 
purging is carried out both prior to and during the heating of the die or mould, the 
purging being discontinued before the charging takes place. The purging gas may be 
selected from the group consisting of argon, cartoon dioxide and mixtuises thereof. 

20 Instead said purging may be by means of a gas, such as sulphur hexafluorideKSFe), 
which can act as a flux. 

The process may Include the step, prior to charging the die or mould with 
molten metal, of sealing off or locking the. die or mould. In addition thereto, -the 
25 process may include the step of disconnecting the supply of purging gas to the die or 
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mould, prior to charging the die or mould with the molten metal. Typically, the supply 
of purging gas is discontinued when the die or mould attains its operating 
temperature. Charging the die or mould will typically be carried out to fill the die or 
mould to its full capadty. ' 

The charging may be carried out under pressure, acting to fill the die or 
mould to its full capadty. in particular, and preferably, the filling of the die or mould 
with the molten charge is under an intermediate pressure, being neither what is 
known in the. art as low pressure injection moulding nor what is ioiown in the art as 
high pressure injection moulding. More particularly, the charging may be •carried out 
by injection moulding, at an intermediate pressure in the range 50KPa - 30MPa. It 
will be appreciated ttiat routine experimentation can be employed to determine a 
desired or an optimum intermediate pressure under which the die or mould should be 
filled with the molten charge. 

The process may Include using, as the metal, a metal selected from the^roup 
consisting of aluminium, magnesium, lithium, zinc and alloys thereof. Preferably the 
process includes using,, as the metal, a light metal selected from the group consisting 
of magnesium, aluminium and alloys thereof. 

The process is expected to be useful, in particular, in the -casting of ligtit^ 
metal or alloy jsroducts selected from the group consisting of wheel rims, such as 
aitiminium- or magnesium-alloy wheel rims, automotive gearbox casings, steering 
wheels, steering column housings, brake auxiliary parts or components, and 
automotive engine, marine and aircraft parts or components. Typically, the process 
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' ' .Will i)e used in the casting of aluminium- and magnesium-alloy wheel rims. Thus, the 

... ... ... T . 

\\casting may be of a light metal artefact in the fomi of a motor vehicle wheel rim. 

It*** ' 
• ■ . . . ." In particular, the process is expected to be useful in -casting artefects 

5 having cross-sectional thicknesses in the range 1 .5 - 30mm, usually 2 - 27mm, with 
respective masses of 0.25 - 30kg, usually 0.5 - 20kg. In other words and more 
particularly, the casting may be of a metal artefact in which the part of the solidified 
artefact which is furthest from the surface of the iartefact is spaced from the closest 
part of the surface of the artefact by a spacing of 0.75 - 1Smm, \M artefact having a 

10 massof 0.25-30kg. 

Importantly, the process may include the step of providing the die or 
mould with a desired temperature profile, by selective application of the induction 
heating thereto, to promote solidification at desired rates of different parts of the 
1 5 molten light metal charged into the die or mould. 

Furtiiermore, charging the die or mould may be from a melting 
apparatus which Is redprocably movable, relative to the die or nrould, the process 
including redprocably moving tiie melting apparatus between a charging position 

20 where it is charged with a precursor of tine molten charge, and a filling f»osition where 
the molten charge is transferred from'ttie melting apparatus to ttie casting assembly. 
The casting may be carried out in a plurality of dies or moulds each associated with a 
single melting apparatus fronn which it is chargied, each melting apparatus being 
associated witti a single die or mould and being elecbically heated by induction 

25 heating, a common electrical power supply being used to supply electrical -power to 
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the dies or moulds for the induction heating thereof, and a «)mmon electrical power 
supply laelng used to supply electrical power to the melting apparatuses. The 
process may be canied out by using a casting apparatus or installation as defined 
hereunder. 

5 

According to another aspect of the invention, there is provided a casting 
apparatus or Installation for casting metal artefacts, the apparatus or installation 
including a casting assembly for casting a metal artefact, the casting assembly 
including a die or mould for casting the artefact and including also an induction 

10 heating an^ngement, the Induction heating arrangement Including at least one 
induction coil surrounding the die or mould, for heating the die or mould to an 
elevated temperature prior to the casting of the artefact, 

the induction heating arrangement including a plurality of at least two said 
induction coils which are operable Independently of^ach other or one another to heat 

15 the die or mould to said elevated temperature, while providing the surface of the 
interior of the die or mould with a desired temperature profile; and 

the casting apparatus or installation including a melting apparatus for forming 
a molten diarge of metgl for use In the casting of said metal artefact in the casting 
assembly, the melting apparatus including a heating annangement for heating a 

20 precursor of the molten charge to a temperature at which the molten charge is 
formed from the precursor, the melting apparatus having a capacity to produce a full 
charge of rrrolteh rrietal having a volume which is matched vM\ the -capacity or 
volume of the die or mould so that the casting of a single artefact in the die or moujd 
entirely consumes a full molten charge produced by the melting apparatus when the 

25 melting apparatus is operated at full capacity, the heating arrangement of the melting 
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apb'ai:atus, being an induction heating arrangement comprising at least one induction 

* * * 

'"ebii;. • . • 

• * Tbe Induction heating arrangement of the casting assembly may be In the 
5 forni of a variable- frequency induction heater. 

The assembly may Include a purging gas supply connected to the die or 
mould for supplying a purging gas to the interior of the die or mould. 

1 0 Ttie die or mould may be a disposable die. for example such as a sand 

casting die or mould. Instead, the die or mould may comprise a re-usable die or 
mould. The re-usable die or mould may be a metal die or mould, preferably a steel 
die or mould. In particular, the die or mould may be a re-usable multi-core 
segmented metal die or mould. 

15 

In the case of a re-usable die or mould, the die or mould may thus be a multi- 
core or segmented die or mould, comprising two or more coi^s or segments. In 
particular, the die or mould may comprise a top core or segment to which the 
solidified artefect remains removably attached at the end of the casting. The top-coss 

20 or segment may include or be associated with release means for releasing the 
artefact therefrom. In this case the die 'or mould will typically also comprise a 
bottom- or face core, and a ring of side cores associated with pistons, which side 
cores or segments give the die or mould its segmented character. In particular, the 
re-usable die or mould may be hydraulically operable, with regard to the pistons of 

25 the side cores and with regard to lifting of the top core and casting from the 
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remaining oored to bring the casting into contact with pins forming the reiease 
means. The die or mould wiil typically have a charging opening for use in filling or 
charging the die or mould with molten light metal. In one embodiment of the 
Invention, the die or mould has Its chaining opening provided through its bottom or 
5 face core for diarglng or filling the die or mould from below. In a preferred 
embodiment, the re-usable die or mould is hydraulically operable and has a bottom- 
or face core provided with a metal-charging opening for charging the die or mould 
with molten metal from below. 

10 The induction heating arrangement may Include two or more induction 

coils, operable independently of one another in achieving a desired temperature 
profile in the die or mould. 

The casting assembly may be of permanent construction as pait of an 
15 installation, being constructed to remain more or less permanently in situ, at a 
production facility for casting light metal artefacts. Instead, and pBeferably. the 
casting assembly Is not of permanent construction, being moveable as part of an 
apparatus from one said production facility to another. 

20 Preferably the melting apparatus is sized to melt charges of metal whidi are 

matched In size with the size of the die or mould, so that casting of the artefact in the 
die or mould cohsumes'an entire charge. 
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In -each case where the die or mould arrangement, -on the one hand, 
■/and, the melting apparatus oh the other hand, include one or more induction heating 

» 

doils,' the Induction coils may be -electrically connected to an electrical power supply 

I ». ' 

.• • 5 

• v'therefor.' 

5 

The melting apparatus may be reciprocabiy movable relative to the 
casting assembly between a charging position where charging of the melting 
apparatus with a precursor of the molten charge takes place, and a filling position 
where transfer of a molten charge from the melting apparatus or installation to the 
10 casting assembly tal<es place. Thus, the casting apparatus or installation may 
Include rails, the melting apparatus being mounted via wheels on the rails, the 
wheels being rollable along the rails during reciprocating movement of the melting 
apparatus relative to the casting assembly. 

i5 The casting apparatus or installation may include two or nnore of the 

casting assemblies and the same number of the melting apparatuses, the casting 
assemblies sharing a common heating power supply and the melting apparatuses 
' sharing a common heating power supply, for the casting of artefacts in respective 
casting cycles wh\ch are sufficiently out of phase to penmit such sharing. In other 

20 words, the casting apparatus or installation may Include a plurality of the casting 
assemblies and the same plurality of the' melting apparatuses, -each casting 
assembly being associated with a single said melting apparatus and each nrisiting. 
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The die or mould 12 is then opened by hydraulically disengaging the ring 
of side core segments 22 from one another with the aid of the pistons 24, and the top 
core 16 wUh the solidified wheel rim 100 attached thereto, is lifted, using the controller 
5 72. The wheel rim 100 is then detached or released from the top core 1 6 by allowing 
downwardly directed pins fomiing part of the release means (not shown) to push the 
wheel rim 100 downwardly during the raising of the top core 16. 

The piston anangement 52 Is lowered and then the barrels of the 
1 0 assembly 48 are retracted, releasing the cylinder or sleeve 42 and the solidified portion 
or spme (not shown) of the molteri charge which formed the secondary seal for the 
cylinder or sleeve 42. The used cylinder or sleeve 42 is then cleaned and ne-posltioned 
back on the transfer assembly 48 in preparation for the casting of a new wheel rim 100. 
It will be appreciated, however, that a different cylinder or sleeve 42 may Instead be 
15 used to avoid waste of production time and also to minimise the possibility of cross- 
contamination. 

It is an advantage of the Invention that the casting apparatus or 
installation 70 need not necessarily to be of a permanent constructlpn, being moveable 
20 from one production facility to another with ease. Thus the casting apparatus or 
insteilation 70 may be inexpensively set up dose to an end user of the artefacts to be 
cast, thereby reducing transportation costs, and the like. 



AMENDED SHEET 




'/CLAIMS; 



• '-if! A' process for casting a metal artefact by charging a. die or mould with molten 
5 metal 'and causing or allowing the metal to solidify in the die or mould to fbmi the 
artefact, the process including the step, prior to charging the die or mould with the 
molten metal, of heating the die or mould by induction heating to an elevated 
temperature, the charging taking place with the die or mould at the elevated 
temperature. 

10 the process being characterized in that. In combination, 

the induction heating is employed to provide the surface of the Interior of the 
die or mould with a desired temperature profile whereby the interior surface of the die 
or mould has different parts or zones at different temperatures from each other or 
one another, in contact with the molten metal charged Into the die or mould, thereby 

15 to promote desired cooling and solidification rates in diffeisent parts of the metel 
charged into the die or mould; and 

the charging of the die or mould Is from a melting apparatus having a capacity 
to produce a full charge of molten metel which is matched in volume with the capacity 
or volume of the die or mould, the charging of the die or mould being with sufficient 

20 molten metel to produce a single artefact and the charging acting entirely to consume 
a full molten charge produced by the melting apparatus., the heating anrangement of 
the melting apparatus being an induction heating an^ngenrient -comprising at least 
one induction coil. 



i 
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. 2. A process as claimed in Claim 1. characterized In that it includes the step, 
prior to the charging of the die or mould, of purging the die or mould \wlth- a purging 
gas. the charging taking place under an atmosphere provided by the purging gas. 

5 3. A process as claimed In Claim 2. characterized in that the purging is carried 
out both prior to and during the heating of the die or mould, the purging being 
discontinued before the charging takes place. 

4. . A process as daimed In any one of the preceding claims, characterized In that 
10 the charging Is carried out under pressure, acting to fill the die or mould to Its full 



5. A process as claimed In Claim 4. characterized in that the charging is oarried 
out by injection moulding, at an intemnediate pressure in the range 50 KPa -30MPa. 

15 

6. A process as claimed in any one of the preceding claims, characterized In that 
it includes using, as the metal, a metal selected from the group consisting of 
aluminium, magnesium, lithium, ^nc and alloys thereof. 

20 7. A process as daimed in Claim 6, characterized in that It indudes using, as the 
metal, a light metal selected from the group consisting of magnesium, aluminium and 
alloys thereof. 

8. A process as daimed In any Claim 7, characterized in that the casting is of a 
25 light metal artefad in the form of a motor vehicle wheel rim. 



capadty. 
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'i'bJ ■ A process as claimed In any one of the preceding claims, characterized in that 
the pasting is of a metal artefact In which the part of the solidified artefact which is 
• vftiiihest/from the surface of the artifact Is spaced from the closest part of the surface 

I 

5 of the artefact by a spacing of 0.75 - 1 5mm, the artefact having a mass of 055 - 30 
kg. 

10. A process as claimed In any one of the preceding claims, characterteed In that 
the charging of the die or mould is from a melting apparatus whidh is reciprocably 
10 movable relative to tlie die or mould, the process including reciprocably moving the 
melting apparatus between a charging position where it Is charged with a precursor 
of the molten charge, and a filling position where the molten -charge Is transferred 
from the melting apparatus to the casting assembly. 

15 .11. A process as claimed in any one of the preceding daims, characterteed In that 
the casting is carried out in a plurality of dies or moulds, each associated with a 
single melting apparatus from which It is charged, each melting apparatus -being 
associated with a single die or mould and being electrically heated by inducUon 
heating, a common electrical power supply being used to supply electrical power to 

20 the dies or moulds for the induction heating thereof, and a common electrical power 
supply being used to supply electrical power to the melting apparatuses. 

12 A casting apparatus or installation for casting metal artefacts, the apparatus or 
Installation including a casting assembly (10) for casting a metal artefact (100), the 
25 casting assembly (10) including a die or mould (12) for casting the artefact (100) and 
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the assembly <10) Including an Induction heating arrangement (14). the Induction 
heating arrangement including at least one Induction coil (25. 26. 27. 28. 59. 30) 
surrounding the die or mould (12) for heating the die or mould (12) to an elevated 
temperature prior to tiie casting of the artefact (100). 

5 the apparatus or Installation being characterized In that. In combination, 

the induction heating arrangement (14) includes a plurality of at least two said 
induction colls (25, 26, 27. 28, 29. 30) which are operable independently of ^ch 
other or one another to heat the die or mould (12) to said elevated temperature while 
providing the surface of the Interior of the die or mould with a desired temperature 

10 profile; and 

the casting apparatus or Installation includes a melting apparatus (40) for 
forming a molten charge of metel for use In the casting of said metel artefact (100) in 
the casting assembly (10). the melting apparatus ^40) including a heating 
arrangement (44) for heating a precursor of the molten charge to a temperature at 

15 which the molten charge is fonmed from the precursor, the melting apparatus having 
a capacity to produce a full charge of molten metel having a volume which Is 
matched with the capacity or volume of the die or mould so that the casting of a 
single artefact in the die or mould entirely consumes a full molten charge produced 
by the melting apparatus when the melting apparatus is operated at full •capacity, the 

20 heating arrangement of the melting apparatus being an induction heating 
an-angement comprising at least one induction coil <46). 

13. An apparatus or instellation as claimed in Claim 12, characterized in that the 
induction heating arrangement (25, 26. 27. 28, 29. 30) of the-casting assembly (10) is 
25 in the form of a variable-frequency Induction heater (14). 
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' An apparatus or installation as claimed In Claim 12 or Claim 13, characterized 
ih. thai Ifii^cludes a purging gas supply line (31) connected to the die or mould (12) 
< '.itr Supplying a purging gas to the interior of the die or mould <12). 

I • * 
I 

5 

15. An apparatus or installation as claimed in any one of Claims 12-14 inclusive, 
characterized In that the die or mould (12) is a re-usable multi-core (16. 18, 22) 
segmented metal die or mould (12). 

10 16. An apparatus or installation as claimed In Claim 15, characterized In that the 
re-usable die or mould (12) is hydraulically operable and has a bottom- or face core 
(18) provided witti a metal-charging opening (20) for charging the die or mould (12) 
with molten metal from below. 

15 17. An apparatus or installation as claimed In any one of Claims 12-16 inclusive, 
characterized in that the melting apparatus Is redprocably movable Pelative to the 
casting assembly between a charging position where charging of the melting 
apparatus with a precursor of tine molten charge takes place, and a filling position 
where transfer of a molten charge from the melting apparatus to the casting 

20 assembly takes place. 

18. An apparatus or installation as claimed in Claim 17, -characterizsd In that it 
includes rails (67), the melting apparatus being mounted via wheels (66) on the rails, 
the wheels being rollable along the rails during reciprocating movement of the 
25 melting apparatus relative to the casting assembly. 
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19. An apparatus or Installation as <:laimed in any one of Claims 12-18 Inclusive, 
characterized in that It includes a plurality of the casting assemblies and the same 
plurality of the melting apparatuses, each casting assembly being associated with a 
5 single said melting apparatus and each melting apparatus being associated with a 
single said casting assembly, the casting assemblies sharing a common electrical 
heating power supply (94) and the melting apparatuses sharing a common electrical 
heating power supply (92). 
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